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Bét}\&een’ Word Recognition
- and Reading
Marilyn Jager Adams

trainees who had recently completed the

}_lrf‘gl__rgajding is the product of an amazingly complex array of knowl-
dge and ab'ilities. How is it, then, that so much of the scientific litera-
‘fure on reading is centered on word recognition? One answer is that the
k)lc‘ke_ | the scientific sophistication to go much beyond words; another,
,_1‘sv.th§t until we truly began to understand the relation of Wo;ds to the:
qreadmg process, we were hard pressed to move on. ’ o .
e, the‘gbil_i§y to recognize words isbuta tiny component of the larg‘er' £
challenge Also true, the knowledge and activities involved in Visdaﬂy |
ognizing ;ndllvidual printed words are useless in and of therhselves And

glly F:‘g;:, Word recognition is only valuable and, in a strong sense, 0'1113-/ pos-

e as dl ﬂl]so flegciygd_ and guided by the larger activities of language comprehen-‘

.On; the other hand, unless the processes involved in individual-word recog-

onjf)pq.ate‘prqpf_:r"ly, nothing else in the system can either. The purpose (%f

smﬁg}e isto gxplqre the relationship between word recognition and litéracy It

morgover, {0 ?I}OW how scientific efforts to understand these relati'o'nshi. S

rougpt us ever closer to a larger understanding of the nature of reading.p

eOperation of the Reading System

. thel relat‘iqn‘ of word-recognition processes to the rest of the system
_g_y‘nug‘}.}t: l?e useful. Let’s say that the system that supports our ability tc;
 car. Wltpm this analogy, print is gas. The engine'and‘ the mechanics of
are _ﬁ]lle_‘pezrpgptual and conceptual machinery that make the system run 7
is gbvmu_s that pn'nt is essentia] to reading—no gas, no driving. But pri.nt
not enough to make the reading car go. Reading cannot begin without

B., Ruddell, M.R., & Sin ’ ; .
%y RUCHEL, VLK., ger, H. (Eds.), Theoretical Models and Proce. Reads
. Copyrighit © 1994 by the Intemational Reading Association. sses of Reading (i e,
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the spark of visual recognition. And just as cars are designed with more than one::
spark plug, so the reading system is designed to take in the physically separabl
pieces of print not one at a time, but in intricately coordinated concert. Like the’
crankshaft in a car, the reader’s learned associations among letters and word_skeep :
the reading car rolling despite problems that might arise: The occasional letter tha
is misperceived or even illegible does not stop the reading machine any mon
than the occasional misfire of a spark plug or impurity in the gas will stop a‘i.cat : prbdué ive
Even so, the engine is only indirectly responsible for making the car go. The.en
gine turns gas into kinetic energy, and the energy turns the wheels. Similarly, the
perceptual system turns print to mental energy, such that it can be understood. -
Obviously a car couldn’t be driven without gas, without spark plugs, with-
out a crankshaft, and without a differential and wheels. But it is also important
to recognize that a car wouldn’t be driven if it didn’t run well. Imagine that you
had to push a button every time you wanted a spark plug to fire. Imagine that
the car would only go a couple of miles per hour or that it stalled uiipredictably
every few moments. You would very likely choose not to drive at all. Thé$e prob:
lems are analogous to the difficulties that must befall the reader who cannot frans-
form print to language and meaning with reasonable speed and ease. In ‘parti‘(':ul=
if a child’s word-recognition skills are sufficiently poor, the time and effort i
volved in reading may well overwhelm its hoped-for rewards. If so, thé child i
likely to choose not to read at all. And here is the tragedy: To the ‘extent that
children do not read, they forfeit the practice and experience needed to maks.
reading easier and more profitable. To the extent that children do nof read, the
can only continue to have difficulty reading, to fall farther and fartl_ief behin
their peers in both reading and the conceptual returns it offers (see',_ éspécia{l_ly,j}
Stanovich, 1986, 1993). R
Clearly, without gas and without an engine and mechanics in adequate
working order, the car will not go. Suppose, however, that your reéding s}fsté
has plenty of print to consume and a fine mechanical system. Are you on you
way? No. First, you have to want to go somewhere, and you have to have son
idea of how to get there. As you travel, you must monitor and control your path
Periodically, you must assess your whereabouts and progress with respect to you
final destination. At the same time, you must attend to the local details of the roa
and control your car through them. Indeed, the amount of active attention yo
will have to devote to your immediate progress will necessarily d_épénd on _Sué
variables as the navigability of the route—how far you can see ahead and whethe
the way is bumpy, winding, congested, or unpredictable—and its familiari
- Similarly, if texts are difficult in wording or structure or unfariﬁliar in con
cept, they require the active attention of the reader. But the mor.ejoéne must direg
attention to local difficulties of reading, the less attention one has available to s
port larger understanding. Only to the extent that the ability to recognize and
capture the meaning of print is rapid, effortless, and automatic can the reader e

g 1}5 it happens,

- reflectupon the jourrey.

arecent survey of fourth‘graders, 40% of the poor readers

Ime uld rather clean their .

i : rooms than read. One chi

: r?}ggifﬁ;liar;the mold around the bathtub than read” (Juel 1988; i stated
o }ﬂ’é"re the;; Zr ye, 11:)(1; purp;)ses of schooling, most young children wﬂi £o almost
inyw] —S0 long as they are neither frusrated '
k as reading educators, i ot o g even

e t greatly i T
I ) g y 1ncreases our res -
:t 18 up to us to lead our children if the right direction. ponsibil

N And it is here that the car analogy bre

They must grow to and from one another.

“or th i ‘
b Iink: ;;)nglectlons and even the connected parts to develop properly, they
inboth e R 1C very course of their acquisition. And this dependency x;.zorks
o ons. We cannot properly develop the higher-order processes with-

rstand f/tt}gzleaming process and its difficulties?

What Do Skillful Readers po?

Perhaps the s iki
ps the smgle most striking characteristic of skillful readers is the speed

ich they breeze through text. The rate at which they
iy oo reCOgHiZ\;e ;v}i);;is per sdecond (Rayner & Pollatsek, 1987). Indeed

fley ¢ words at a glance, i i jate
Heaning at once (Cattell, 1885). How do thef do sngIeamng the?r pproprite
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Some Questions
Do skillful readers, in fact, recognize words as wholes? I recognizing’ an inidi-
vidual word, do readers depend on its overall pattern or shape rather thanany
closer analysis of the letters within it? If so, then doesn’t it seem counterprodug
tive to train children to focus on the letter-by-letter spellings of words?

Do skillful readers access the meaning of a word directly from seeing it? If
50, then doesn’t it seem counterproductive to teach children to sound ﬁofdgféﬁi?

Do skillful readers use context to anticipate upcoming words so as to e~
duce the visual detail they need from the text? If so, then in place of figd;pus
decoding instruction, wouldn’t it be better to teach children to use co_nt_exf to-
gether with such minimal distinguishing cues of words as first letters and over-
all length? o : \
Do skiliful readers use context to anticipate the words they will seé; such
that their comprehension consists as much of confirming as of interprcting their
meanings? If so, then shouldn’t a central focus of beginning reading instruction

be one of discouraging children’s tendency to pore over the separate words in text -

and of strengthening their ability to guess the words instead?

Some Answers From Research i
Each of these notions has been seriously entertained by researchers at one time or
another, and the instructional implications of each are realized prominently in
many curricula and classroom practices. Under scrutiny, however, each of these

notions has been proved incorrect. More than that, each has been proved incor-

rect in ways that strongly argue against their instructional translations.

As it turns out, research has long shown that skillful readers are relatively
indifferent to the shapes of the words they read (see Woodworth, 1938). Even
when the letters that make them up are randomly sampled from a variety of type
styles and sizes in both uppercase and lowercase fonts, skiliful readers seem to
recognize familiar words as wholes (Adams, 1979a). At the same time, skillful

readers visuaily process virtually every letter of every word as they read; thisis =
trug whether they are reading isolated words or meaningful, connected text—and, - -

surprise of surprises, it is even true when they are reading cursive handwriting

(De Zuniga, Humphreys, & Evett, 1991). To be sure, skillful readers rarely think

about individual letters or words as they read. At a conscious level, they may

not even notice flagrant misspellings or misprints. But studies show that, con-
scious or not, letter recognition is integral to the reading process and that even the
slightest misprint, tucked deep within a long and highly predictable word, tends
to be detected by the visual systems of skillful readers; detection is signaled By
readers’ eyes flicking back to the misprint to make sure the type was seen cor--

rectly (McConkie & Zola, 1981).
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i i Research also negates the notion that skillful readers use contextual guid-
v fincc fo preselect the meanings of the words they will read. Consider the follow-
-Ing sentences:

L They all rose.

o ’JOhn saw several spiders, roaches, and bugs.

:’ljhe last wor'd of each of these sentences is, in itself, ambiguous—but would
you haye noticed if that hadn’t been pointed out? Although it feels as though con-
te)ft preselects the appropriate meanings of such words, that is not exactly what
happgns. Research demonstrates that all the meanings of an ambiguous word

. glre 'ar(;used in the course of perception. Very shortly (within tenths of a second)
. tereatter—too quickly for us to become aware of the confusion—context selects

the mo:%t appropn‘ate meaning from among the alternatives. (For a review of re-
igarch in this area, see Seidenberg et al., 1982.) 7

" " Finally, research proves that skillful readers habitually translate spellings

tosgunds as t.hey read (see Barron, 1981a, 1981b; Patterson & Coltheart, 1987)
= But-why? If visually familiar words do indeed activate their meanings dire’ctly for'
- readers‘-—and they do—then of what conceivable value are such phonological
. ranslations? The answer to this question has come only through many years of

work and many research studies: Such spelling-to-sound translations are vital to

both fluent reading and its acquisition. To see why, we must look more deeply

intp the reading system.

Modeling the Reading System: Four Processors
The purpose of models is to combine findings from many studies into a single

. coherent system. Because a usefully detailed model Iays bare those spots where

fssimlnptlon? are not supported by research, it is an extremely valuable scientific

(t)t. g particular, where the model’s pieces seem to fit in more than one way or
1o o‘ tatall, the reéearcher must conclude that some assumption is awry or that
szlme lmportant consideration has been overlooked. Gradually, through the cycli-
sveflr];)sess (;fm;)dehng, assessing, and gathering new data, researchers gain an
_ re refined and complete image of the parts of a

syste

ik ot p ystem and how they must
s t, By devel?ping more comprehensive models of the nature of the reading
ystem and the interrelations of its parts, researchers have strived to understand

~ the reading process as a whole. Anchored in psychological research and built
’through laboratory studies and simulations, contemporary models of reading are
complex. However, it is because they have been developed with such analytic
care that their instructional implications carry special weight.

- +Indeed, because they move beyond the boundaries of our field to exploit

advances in log‘ical, mathematical, and computational sciences, recent models
appear provocatively capable of mimicking the processes of reading and learning

Modeling the Connections Beiween Word Recoenition and Readine 1773



to read. These newer models, alternatively known as connectionist, néural net,

or paraliel distributed processing (PDP) models, are built on the assumiption that: Modeﬁ'ng thé keadl—;‘lllGISJRE 1
learning progresses as the learner comes to respond to the relationships’among __WF.‘?M Processors .
: ———

patterns or events, It is, for example, the overlearned relations among its sides:
that enables recognition of a triangle, just as it is the overlearned relations amon
its letters that enables recognition of a word. Similarly, it is the relations amon
the pitch, timing, and quality of its notes that evoke interest in a piece of music.
just as it is the relations among the meanings of its words that give texture.and:
meaning to a sentence. (For a description of the logic and dynamics of these mod
els, see Rumelhart & McClelland, 1986; for an exploration of their p‘ertixi,en‘c
to reading, see Adams, 1990, and Seidenberg & McClelland, 1989; for, a,diséus
sion of their general importance and potential, see Bereiter, 1991). -~ 1. 1

The power of these models derives from the fact that they are neither to
down nor bottom up in nature. Instead, all relevant processes they ihclude are..
simultaneously active and interactive; all simultaneously issue and accommodate
information to and from one another. The key to these models, in ‘otlher- words
is not the dominance of one set of processes over the others, but the coordi
tion and cooperation of all as shaped by the reader’s own prior knowledge and

Context
Processor

Meaning
Processor

Orthographic

Ph i
" Processor onologicel

Processor

experience. : Pt o
" As adapted to the reading situation, the grand logic of these models is . T
schematized in Figure 1 (see Adams, 1990, for a fuller description and discussion): Lo Reading  Wifing Spesch

Within each of the “processors,” knowledge is represented by many simpler units
that have become linked to, connected with, or associated with one another
through experience. The oval labeled orthographic processor, for example, 1ep-
resents the reader’s knowledge of the visual images of words. Within it; individ-
val letters are represented as interconnected bundles of more elementary. visual
features, while printed words are represented as interconnected sets of lette‘rs"
Similarly, the meanings of a familiar word are represented in the meaning proce;
sor as bundles of simpler meaning elements, just as its pronunciation is repr
sented in the phonological processor as a complex of elementary speech sound
I introduced the term “processors” in quotation marks so as to emphasize
that it is mostly for descriptive convenience that the different types have beense
arated one from another. The associations among pieces of knowledge depend g
on the “processor” in which each resides, but on the ways in which they have b
come interrelated or connected through experience. Indeed, the links'amongan
set of representational units are nothing more than a cumulative record of the way
in which those units have been related to one another in a person’s experience;
more frequently a pattern of activity has been brought to mind, the Strongef-an
more complete will be the bonds that hold it together. Ultimately it is these bbnd’
these interrelations—as they pass excitation and inhibition among the elemen
that they link together—that are responsible for the fluency of the reader and th
seeming coherence of the text. e

v I s : h €S in on ﬂ‘le
Co. e. Ienc'e 01. the Ill‘eS‘ c %% o ca TOC SSor om .]l

en o the others such th
iy . . at wherever hy-
1658 agree among processors, their resolution is speeded and strengthenedy

e fluent ang i -
i ﬂ(i z.ricj)lductlve., read.mg depends no more on recognizing words thin
_ 1ble consideration of the linguistic and conceptual contexts in
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which they occur. Indeed, the whole point of the model outlined above is-that, L
in skillful reading, the mind works interactively and in parallel with as many cues:
and clues as it can recognize as relevant. R
Nevertheless, as illustrated in Figure 1, the orthographic processor alone:
receives information directly from the printed page. By implication, the letters
and words of text constitute the basic perceptual data of reading, and this is asit
should be. After all, the words on the page ar® anthors’ principal means of con-
veying their message. It will not do for readers to ignore them, nor will guessing
suffice: Bven skillful adults are unable to guess correctly more than 25%of
time (Gough, Alford, & Holley-Wilcox, 1081). R
For skillful readers, meaningful textis read through what is essentially (i
English) 2 Teft-to-right, line-by-line, word-by-word process. In general, skillful:
readers visually process virtually each letter of every word they read, t_ranslati_xig‘»;
print to speech as they g0 They do s0 whether they are reading isolated, word
or meaningful, connected text. They do so regardless of the ease or difficulty of:
the text, regardiess of its semantic, syntactic, of orthographic predictabilityﬁ. The
may be no more broadly or diversely replicated set of findings in modern cogni
tive psychology than those that show that skillful readers visually process 1ed
ly every letter and word of text as they read. (For reviews, see Adams, 1990;
Patterson & Coltheart, 1987.) ' e :
Eye movement research informs us that our eyes do not move smoothly
through the lines of text while we read. Instead, they leap from word to word, fix
ating briefly tow ard the center of each and then jumping to the next. Occasionally;
readers do skip a word, but almost never more than one. Further, the words that
are skipped tend cather exclusively to be short function words such as of; 4, ]
fo. Many function words and the vast majority of content words receive feadeis
direct gaze. (For a review, see Just & Carpenter, 1987) . £
‘With normal print, the eye can clearly resolve up to three of SO llétter_s_f&h
left of its fixation point and about twice that many to the right during.eaé}i fixa
tion. With these letters as its basic data, the system goes 1o work. To see hkg
proceeds, let us consider two examples. First, suppose the reader’s eye' 1and ;
the word the. Because fhe is frequently occurring and familiar word, all of
letters should be strongly interconnected within the reader’s lo;thographig_i_‘r.;é
ory. As the reader looks at the word, the units corresponding to ‘gach pf the I
ters receive visual stimulation from the page- Because the units are _s.(;):..s:tr‘(‘mgl‘y
interconnected in the reader’s memory, each will pass stimulation fo the
causing all to be recognized nearly at once and to hang together in the reader’s
mind as a familiar, cohesive spelling pattern. e i
Now suppose instead that the eye lands upon the nonword fge. Becais
this string of letters is 80 similar to the word the, the reader’s o'rthographifc_’;m

- however, becau . .
| bick. At the sarr: ttilrlseh 1:«:}celves 1o direct yisual stimulation, it cannot pass an
. g unit will pass its stirmul Eause ¢ s almost always followed by  in English thz
ated letter, units send th oHon .to t%le o it for the absent u. As the directly sti,mu-

they end up hurting rathzli ;Ctlvilltlor% inappropriately around the letter network
direct visual stimulation fro artll elping one another’s progress. Eventually the’
peak stimulation, and th ot will bring each of the presented letters o
perception of ea;h lettee e will see the string as printed: fge. However, the
ently of the others (McCrl Vl&’illl have taken longer and will have gelled inde ;:nd
. Through CXperiencZ ?hnd , Rl{mlehalt, 1981). o
sext-door neighbors but ais e associative netwqu comes to respond not just to
ehrdsorit Whote, familiar Wo :10 the larger sequences and patterns of letters that
seitation of many, man d(');fs' And f:ventually, through its overlapping repre-
spelling patterns i;lde ey d1 erent words, it becomes responsive to common

. e X e . .. :
that are responsible for the easy, holistic mannv;’re 16111l \?/E?Cli?l?irllffullnril:;::sal Ietter;

-  TESpon!

to printed words: It i

prin ords. It is because of them th ili

printed wo at fami i

are easter to read than the sum of their parts porwords and spflng paterns

s Yetthe inte] le" iati OV, (Ie ()1 e ervic ‘ [ -
mm

IJIOXKaIIC‘e‘tO the reader. T he: C1 V. s includi
St . S€ S 1Ce i € proce i T
; | . SSing letter Orde aﬂd br eak

rocessing Letter ’ -
o e»’“"-ra‘?‘ting:informaot;’cc: :;eAlthngh the visual system is remarkably efficient
'abf’ut processing Jetter order (’zl“e}fiii?afsﬁ)]fe‘tt: .li‘denﬁfiCation, fts quite sloppy
s.as much as unski - sical limitation, affecting skil -
st ever maker;zgtlizso'nes (Est'es, 1977). Nevertheless, skill§u1 relaf(liltlzj: E;c;—
poorreaders, in contrast in reporting the order of the letters in words they read;
‘Were once taken as Sympt(;mmaetl.y often dc.) so. Although letter-order difficultie;
been proven incorrect (Libe ic of a basic perceptual deficit, that explanation has
flect insufficient orthogragllllii:nlzgill.i’nlgg?;' Slf1 Ch ﬁﬁfﬁmﬂﬁes seern instead o
ledge about the i i . Specifically, among skillfu
ciations’ Betvt\ffeﬁktilzn?rc}enng of a string of letters is Captfred in ﬂierfeﬁ?(i
owledge serves to corrob - In the very course of perception, ther efore, this
foder Tn keeping with }cl).rate' t.he Sensory system’s noisy transmission c;f let-
< ofthe letters in cithor o 11s view, good readers rarely err in reporting the or-
0 Yel whor facede; ; tv}:ords or regu}arly spelled nonwords (such as bome
,they make just as man Oét hographically irregular strings such as gsi or
£ wore expcting fo se y ordering errors as do poor readers—even more if
There are several Wz a regularly spelled string (Adams, 1979b).
- withoﬁt s 31slm Whl.Ch readers can conquer the letter-order prob-
it that s Sufficiéntl ; eloped interletter associations. One is to stick with
. ‘ y large and spaced out so that no two letters will shan:v tlhe

ory will attempt to process it in the same way. That is, the ¢ and ¢ units willpa
they also will pass stimulation to the 1 vinit. This fire

stimulation to each other;
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same physical input channel; no doubt this is the underlying reason for our time
honored practice of setting primers in large type. Another is for réaders to'in
crease the number or duration of their fixations on each word. In keeping with-
this, note that prolonged and repeated fixations on words are characteristic:of
young and disabled readers (Just & Carpenter, 1987). In the long run, howeve;
the only efficient and reliable way around this difficulty is for readérs to leafn
more about likely and unlikely sequences of letters in the words of their language:
Eventually, this knowledge will come to compensate for the visual systém’s in-

herent difficulty with letter order.

Breaking Words Into Syllables. Struggle as they might, poor readers characz;
teristically block on long, polysyllabic words—even when those words-arefa--
miliar within their oral vocabulary. In contrast, skillful readers rarely experience:
such difficulty. As an example, try reading the following: trypsinogen,. anfrac-.
tuosity, prolegomenous, interfascicular. Although none of these words':m_ayr be;
familiar to you, chances are that your attempts to read them were relatively:forth
coming as well as correct, of nearly so. Moreover, if you listened carefully to
your reading performance, you may have heard yourself producing themina
manner much closer to syllable by syllable than holistically or letter by letter. -

Tt turns out that skillful readers’ ability to read long words depends.insep-
arably on their ability to break the words into syllables (Mewhort & Campbell;
1681y, and This 18 true for familiar as well as unfamiliar words. Laboratory stud-

ies prove that ﬁlﬁ_i}}iul readers break words into syllables automatically and in -
the very course of perceiving their letters. The means by which skillful readers do.
this are again rooted in their overlearned knowledge about likely and unlikely se- .
quences of letters. More specifically, for any language that is basically alpha--

betic, strings of speech sounds that can be coarticulated tend to be represented
by frequent sequences of letters, while those that cannot, are not. As an'exam-
ple, the spoken sequence ldr

tions in the reader’s letter-recognition network, the letters d and r will au/win;atai:‘i‘_

cally boost each other’s perceptibility when seen in print, while the Tetters d and

i will not. :
/wﬁTﬁamportance of this difference is that, although unlikely letter sequences*
such as dn cannot occur within the same syllable, they can and do occur at s_glla'-f
ble boundaries (for example, midnight, baldness, kidnap, Sidney). As the reader. :
processes such words, the likely combinations of letters promote and attract one
another, emerging perceptually as a cohesive spelling pattern. At the same time,
however, the unlikely pairs inhibit and repel each other, thus pushing separate
syllables apart. As aresult, the perceived letters are tightly bound to oné anothier

tv;/liitshi‘r,la;y11all),les ll;u; somewhat detached at the boundaries between syllables. In
vay; polysyllabic i i v
responding , gsznabic Zvrﬁi;is ére perceived 2\18 sequegces of spelling patterns cor-
e At. this point,.a word of caution is warrantedifg_gl_cg_w_l_e_clge.undeﬂ;dng.
automatl; syllabification skills cannot be directly instilled. To ask children to
study-unlikely letter pairs would be counterproductive: It would serve to increase
the,"str,eng_t}h of the associations between such letters in memory, which is just
the opposite of what is needed. Beyond that, one cannot hope to sl;ecify spelling
patterns correspo'nding to syllabic units or their boundaries independent of the
larger Qrth(?graphlc context in which they occur. That is, one cannot take any giv-
;n letter s.tnng—say, par—and proclaim it to be a syllabicv_urﬁt. Sometimes it will
be (parstial, par-take), and sometimes it will not (part-ly, pa-rade). In syllabify-
ing words, the orthographic processor responds to the relative étrengths of the in-
Eﬂetterjassociations (Adams, 1981; Seidenberg, 1987). Using knowledge :)f
simple letter sequences as well as larger letter patferns (for example, fa-ther
versus fazj_—head),rii breaks a word into syllables not at predesignéted junc;ures but
at the weakest link between letters. It can do so only to the extent that the reader

/ is a frequent and pronounceable form in .
English—as in drag, dress, drip, and drove—while /dn___/ is not: Consistent.-
with this, the letter sequence dr___ is 40 times more likely to occur in print than
{he soquance dn__ (Mayzner & Tresselt, 1065). Through the learned associg- “#ffend to them in the course of perception. Here, then, is a problem, In general, chil

’, dien Ase?n? disposed to view words not as ordered and analyzable‘stﬁngs of l’etters
- but holistically, rather like pictures (Byrne, 1992; Masonheimer, Drum, & Ehri

- -1984). In('ieed, given a good visual memory, children have shown ’themse,lves able;
.. torecognize several thousand words through this approach (Juel, 1991). But can
- fhey l.earn 50,000? And when they find they cannot, how diﬁicult;cognit'ivel an
‘ emotlpnally—will it be to effect repairs? : ’

Hic?ulred a broad and deep knowledge of orthography. Meanwhile, there is
Elucbf 0 recommend that oft-used technique of helping children Hpenetrateb those
ou lesome long words by uncovering them syllable by syllable as they read.

:;[lelpqng B'egir.mers. Before leaving this section,. it is worth reflecting that all‘
‘ he orth;ogf:aphm processor’ s magic presumes a deep and ready knowledge of
the lgttemls? spelh.ngs of words. Quick, holistic word recognition, Comfoft with
: tgl:owrgup—s;zed print, automatic syllabification, morphemic sensitivity—all of
. esle' epend on such knowledge. At the same time; research indicates that dif-
., ;;(111 élels)zllttt};e level of letter and word recognition are the single most pervasive
ebilitating cause of reading disability (Perfetti, 1985; S i ;
Vellutino; 1991; Vernon, 1971). ’ o ’ 'tanovwh, o
i dFortunate_ly, theory and research also affirm that human memory is well de-
. signed for learning about such relations among letters—but only if it is induced to

- Beginning reading is quite difficult for some children. One of the reasons

’ gsurely that the knowlque to respond instantly, effortlessly, and accurately to
. frequent words and spelling patterns involves an impressive amount of percep-

tual learning. Regardless of intelligence, effort, rearing, or desire, this learning
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: Qoqe something to slow or disry
‘ e}.g‘.;iStanovich, 1980, 1984),
<+ Provided that a text is not too

settles in more quickly for some children than for others. There are many ways to
support this learning—including writing, spelling, and phonics instruction; pa-
tience; encouragement; and lots of bencath—frustration-level reading and reread-
ing. However, research argues firmly that there is no substitute for it. - ' '

pt the orthographic processing of the word (see,

5 as_the.stories are simple and until the p
are fairly well developed, many read
_ofaword as accurately and more e

rocesses involved in visual word reco gnition

ers find that they often can guess the identity

. asily than they can decode j

i b : e it. For these rea-
1as been found that among young and disabled readers, word-recognition

The Context Processor
The context processor is in charge of constructing a coherent, ongoing interpre-
tation of the text. In particular, it is responsible for priming and selecting word:

: stitution errors are frequent (see,e.g., Biemiller, 1970; Weber, 1970).

- Synz’:llatgomuil: astucrlz hsensulv%ty to contfsxt can only be a good sign, its dominance
:pletely N tOod f)gr.etphlc processmg is proceeding neither quickly nor com-
e g o.1ts job. But,.one nnght ask, is this reason for concern? If

1 are grasping the meaning of the text well enough to fill in the blanks,

_theﬁfélearlyb they are readi y
ing th h i i
i . g thong tfull and strateglcally. If 80, 1s there any rea-

ambiguous words (such as soccer ball versus inaugural ball) but, o a lésseréx ‘
tent, for almost any word. : '_ SR
) As an example, consider the word Wyoming. People in the United Stétes"v
might consider Wyoming to have a unique and stable meaning as a propet noun;’
Nevertheless, its mention brings very different images to mind in a discussion o
presidential campaign strategies and electoral college votes than it'dOés"iﬁ"
discussion of beautiful national parks. In fact, both of these images—and man
more besides—are part of the total array of meaning that each of 'uS'éiSSdCiﬁte
with the word Wyoming. We are able to follow discussions of Wyoming with
understanding because the context processor selectively emphasizes those as
pecté of a word’s total meaniﬁg that are relevant to its ongoing interpretation.
In theory, the context processor works by sending its own stimulation o
the meanings that it expects. This extra stimulation boosts the contextually ap:

N /istiZ; ﬁron(c}:; tl;esle questions, I ask you to add the following considera-
= 6'f‘réading t 5 e o chf.ilssroom. te).gts shlf'ts from one of learnin gtoread to
ingaize i r?h c CI] dren will increasingly encounter words they do not
et S a? 0 not hell?. Very ofifen, however, it will be precisely
ese unknown words—isosceles, circumference, photosynthesis, Antar ti

quator—that are most central to the point of the lesson. , e

_:r'o 'Rfesearch shows that as children move a I
- ;zSﬂSen ?;;agﬁ E:toward th.e end of 'first grade or the beginning of second—
 enoge. oo l:sheems dlsprogoﬁlonate attention to the individual words on
o e offon ch, . ey sta'rt read‘lng there for three, was for saw, and from for
omof iont y 1nv.est in re?dlng aword seems unrelieved by the most ob-
ontextual cues; their misreadings, while graphically related to the print

onthe page, may often be wholly i iate
‘ ] . ¥y 1mappropriate in context; and they may devel-
.og a tendt_ancy to stare at difficult words without responding at al e devet

+ For different children, these tendencies may be more or less pronounced
onger or shorter periods. Nevertheless, as Downing (1979)

ttle further into the reading

propriate dimensions of a word’s meaning, causing them to dominate the reader’s
interpretation of the text. Yet even while the context processor facilitates the

reader’s awareness of appropriate words and meanings, it does not prevent stim-
ulation of inappropriate ones. To use an earlier example, given a sentence subh as
John saw several spiders, roaches, and bugs, people very briefly show signs (buf
not conscious awareness) of having interpreted the last word to mean both “insects”
and “spying devices” (Seidenberg et al., 1982). Alternatively, given-a sentence
such as Af the farmstand, we got tomatoes, squash, and corn on the . the rea_>
‘er may quite automatically—thanks to the context processor—expect the word
cob. But if the complete sentence turns out, instead, to read, Af the farmstand.
we got tomatoes, squash, and corn on the car, that expectation would be quickly
overridden, And, nearly as quickly, the context processor would also revise the:
reader’s understanding of the situation so it meets the text. SRR
For skillful readers, the role of context is not to displace or supplant the
information on the page; it is, instead, to belp the reader make the most of thatin-
formation, as quickly and efficiently as possible. To that end, it is necessarily:
the author’s words that must take precedence. Consistent with this, study after
study has shown that context significantly affects the speed or accuracy with:
which skillful readers perceive familiar words only when the experimenterh

» decoding will become more and more
' }(;omes automatic can it properly work in concert
a with contextual processing. M. i i ’
it : ‘ 2. Meanwhile, the instruc-
. ;h:flflcnfe 1s not to quash qns phase but to help children through it as etfi-

» eliectively, and supportively as possible. To this end, there may be no

I_ E . 1 E 1- 1 i' fiﬂ(Sl‘EStln and
) < s :ll][zglng a CtO rea Ing and rereadi g O g
'
e‘ ath fI UStIatl()Il-level teXt.

rither than in competition,
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;r(,l;rt:ii:)cfoigglt;) 1,200 new words each year through reading. Learning from
: ﬁﬂd}en aré o agvy‘ accounts for a substantial fraction of the 3,000 new words that
‘ ng , erage, e).(pected to master each year (Miller & Gildea, >1987).

s Iesearch sheds light on some of the most siriking differences observed
irov;;%]. The estimates above are based on the average
; ad millions and millions of words of text each year; thei
;{;);l:luliltlailare ey.ipected to be strong. At the same time, others read Iijr.acticalbf
“ouling at all outside of school. Over all, Nagy, Anderson, and Herman (1987)

The Meaning Processor e
The inner workings of the meaning processor appear similar to those of the or:
thographic processor. In particular, the units in the meaning processor apparent-
1y do not correspond to whole, familiar words. Instead, just as the spellings of’
familiar words are represented in the orthographic processor as interassociated:
sets of letters, their meanings are represented in the meaning processor as inter=
associated sets of more primitive meaning elements. It is this piecemeal tiatuire
word meanings that allows us to focus on one aspect or another of a word!s full:
meaning as appropriate in context. In addition, it enables us to acquire g_h‘_‘é"m‘e"
ing of new words gradually by encountering them in context. -

Learning New Word Meanings From Context.. Suppose that, while reading:
a story, a child encounters a word that he or she has neither seen nor heard béfog
As usual, the spelling and pronunciation of this word will be shipped-autdmit__
cally to the meaning processor, but because the word is entirely unfamiliar, 1t can
not in itself evoke any particular meaning. Instead, when the word reaches the
meaning processor, all it will find is the pattern of activation provoked by‘the‘_
context processor. This pattern may be more or less diffuse, depending on hoy
tightly the context has anticipated the unknown word. Nevertheless, when the of
~thographic pattern meets these activated meaning units, a bond will begin to form
between them. ‘ ; e e
The impact of such an incidental learning experience is expected to. b
small: Context is rarely pointed enough to predict the precise meaning of a word
On the other hand, it’s a start. When the same word is encountered again, it wi
meet whatever was learned from the prior context plus the meaning set off by
“The new contexi. Wherever the meaning unis of the old and new contexfs [0}
_lap, they will become more strongly associated with one another and with the
orthographic and phonological representations of the word. Given a number.of -
encounters with this word over a variety of different contexts, the units that are
reinforced most often will be those that belong to the meaning of the word it
self. In this way, the word may eventually be learned well enough to contribute
independently and appropriately to the meaning of a text, if not.to allow the
child to generate a well-articulated dictionary definition. S + For example, o .
~ Although i_mportant, such learning _fmm context is inherently gradual and urrent, the worg is n(;1 IC:nZZre aS i;;i’jt cm;lurrie;.zt consists of “with” (con-) plus
imprecise. The likelihood that a child will learn the meaning of a word fromas € problem; it must have two rs as
gle exposure in meaningful context ranges from 5% to 20% (Nagy; Anderst
& Herman, 1987). By implication, the extent of such incidental vocabulary.a
quisition depends strongly on the amount a child reads. The average fifth grader,
is estimated to read about 1 million words of text per year: 650,000 out of schy
and the rest in school (Nagy, Herman, & Anderson,.1985). Of these words;
roughly 16,000 to 24,000 will be unknown (Anderson & Freebody, 198
Conservatively assuming a 5% chance of learning each, the result is a-vocabul

ez:;::f:l;ry :in'Sthtlon as'in i.rlcidental learning, the number of times children
mt-és . ord 1s a strong predictor of how well they learn it. But almost as im-
ol grglng:arlr (S)f (e)r;qourl.ters is. the rich.ness and variety of the contexts in
o exaergemi as. O p?njculkaf interest is the finding that through rich and
'under'standl;n _ it:wa with aword, children appear to gain a special advantage in
: amg its connotations or submeanings in specific contexts and in exploit-

ing 1_t.§‘e‘1.(\tendeid meaning in text comprehension (McKeown et al., 1985).

ditcan’t end in - i B
it It -ant or it would mean with araisin. Conversely, knowing the

m : . . . .

" ;T(%r(ff o.ihhir word§ in their derivational family. Thus, learning that fid means
. as c(m ;il_ld  may 31g_‘mﬁcant1y alter and connect one’s understanding of words
uffmn ” maen;e, Sidelity, Jiduciary, and bonafide, discovering that path means
iy az;h an)(; te; arlld.connect one’s understanding of words such as sympathy
) » a6 pathologist. Moreover, a well-develo itivi ,

! / \ ped sensitivity to morpho-

gical clues may be useful for inferring the meanings of new words v i
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All such advantages notwithstanding, research demonstrates that‘aduli
readers of English are surprisingly oblivious to the morphological struckure of
words (Kaye & Sternberg, 1982), and efforts specifically intended to teach chil:
dren about the derivational morphologies of words have yielded mixe’d‘er'esult‘s’
(Johnson & Baumann, 1984; Otterman, 1953). Although such lessons have been
shown to increase children’s proficiency with both the spellings and meanings
of the words studied, they have produced little increase in their ability to hiteipref
new derivationally comiplex words. Co ;

In the end, it may be that such morphologically based insights never come!
automatically but only through deliberate search. Perhaps the wordsmith’s a
vantage is principally strategic; he or she has learned to examine each new wo
for familiar parts and to think about their implications with respect to the word
usage and meaning. If so, then perhaps the objectives of our lessons on deri
tionally complex words should be rethought. Perhaps instead of teacMng childr
about any particular sets of roots or affixes, our objective should be one of d
veloping children’s awareness of word structure and their inclination to Jook for:
and think about such relations in new words. R

As an inspiring example of the promise of this approach, I refef:you.tp
monograph by O’Rourke (1974). As O’Rourke led his students to makq.é hal
of seeking, comparing, contrasting, and categorizing the meanings and spelling
of complex words, their measurable vocabulary scores increased quite dramah
cally. In addition, showing that these lessons had affected not just their anéwlé(hi‘g
of particular words but also their thinking about them, the children tended to cx
afe new words to suit their expressive needs while writing—for example, jecto
(hurler), tracted (pulled, hauled), audict (someone who likes to hear records), i
traction (pulling from within), solarscope (sun viewer), phonomatic (somethin
that makes sounds by itself), astrometer (a device that measures stars). Whil
some of these words are endearingly funny, others are soberingly legitimate.

In any case, it also may be wise to recognize that word roots and syliabi
units rarely coincide. In terms of syllables, for example, the word informatio
may be parsed into in-for-ma-tion; in terfns of morphemes, it is in-form-ation
Research has demonstrated that the spelling patterns to which children are askedts
attend during instruction signiﬁcanﬂy influence the patterns to which they. dozt
tend during word recognition (Juel & Roper/Schneider, 1985). Research also
dicates that, for purposes of facilitating word recognition, it is familiarity with
patterns that occur in a large variety of words that is most helpful (Juel, 1983)
Thus, while appreciation of the form in information might shed light on its de'epgr
meaning, familiarity with the for will help a reader read more words. The sugg
tion is that even when and if the worth of lessons on derivational morpholog

rt(lile Inos-t lmportant point of this section is that meaningful ex-
§ are 1important to the acquisition of the words’ usage and

vocabulary. 221 ;Z 1tlheir tl(irt‘h(;graphy. ‘The best way to foster children’s vi-
e g as their larger literacy s .
frequently, broadly, and thoughtfully as pocy Blomir—is to have them read

ading results jn

Or.l will, in turn, pass stimulation to its
nning from the phonological to the mean.-
1ons th he phonological processor

0 that, although visuall ili i
L . ' ) ally unfamiliar, are in
e er’s spealqr_lg ot listening vocabulary. Yet that is only their ti

tie-and obvious: advantage. ‘ ' e ime

eaning, as symbolized by the arrow ru;
mg processor, In this way, the connect

i

: To the extent- ; . '
firmly demonstrated, such instruction may nevertheless be best postponed until Wires that the meagilit any word is ?Oth orally and visually familiar, this process
er years of schooling. e —11g processor will receive activation fromi bﬂihlh@h(m@gg:_

processor. As these contributions s

aid the orthographic upport and inte;
: pport and interact
1234 Adams
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with one another, they serve to ease and speed recognition of the word.; Further, as
the response of the meaning processor.is strengthened and focused, so°too, is th
activation that it passes back to the other processors—and the stronger the feéd
back, the greater the learning. Thus, the contributions of the phonological proces:
sor act to hasten and consolidate the direct connections between all the: DrOCEssors S _ in their visual familiarity to 4 reader
and that Includes the direct connections between sight and meaning; .+ ik L i

The connections running from the phonological processor back to the or
thographic processor are equally important in supporting visual learning

Specifically, where the efforts of the orthographic processor arouse Pronouiice b . ’easily, Howeves fo. o the sl
able responses in the phonological processor, the phonological processor will o at i e number of different words read ords
reciprocally send excitation right back. In this way, the feedback from the phor S riandl : Ont.y of distinct words in print are relatively inf i
logical processor provokes the orthographic processor to atténd=,f0'lettersat1jat o s lian once 1 every million words of running text }],3e o
might otherwise be overlooked, even while helping it glue the whole, cortectly L y seen, the reader’s visual familiarity with moét fC?}l]HSE hose
ordered string together. The prior knowledge and constraints offered by,the - Weak and i_HCOmpIete;often too weak and incompi ’O o muSt
phonological processor play an indispensable role in helping young réader L » and anfomaticity on which comprehension ge;fnz e

ganize, consolidate, and remember spelling patterns visually. - 3
Finally, note that there is also an arrow running from the meaning proce:
sor to the phonological processor in Figure 1. Because of this-connectidn:
activation of a word’s meaning will send stimulation to the. phonological. units:
corresponding to its pronunciation. The reader’s tendency fo translate pri
speech is thus doubly stimulated, both from the word’s spelling ahd;ffom its
ing. This is one reason that phonological translation of print is'so automat
and beyond that, it completes the circularity and feedback of the'system in both'
directions. It is this circularity and feedback that ultimately underlies the auto-

Y‘19,9";ci,iffferént s hool and out, is accounted for by

& words, 90% by onl .
_Rlcl}n}ag,:l.gn). It is reason, Y OY 3,000 different words (Carroll, Davies,

maticity of the word-recognition system. Because of this circularity, their Loctor, fever, infection, medicine penicillin, Alexand
— PR i hor , ’ s a ;
sponses of all the processors speed and support one another whetever they dte: powson, bacteria, antibiotic, protect, germs, and & " erfFlemmg » melon, mold,
’ ’ Sease, for example. For skiliful

consistent; wherever they are inconsistent, they are autorhatically correcte tr .
SRS . anslations provide a b
T ack-up system for rec-

flagged for special attention. - - S
The phonological processor has two other features that set it apart fro
the others. First, like the orthographic processor, the phonological processor’
cepts information from the outside, although the information it accepts is speech
(The orthographic processor remains the only one to receive infc’)rmation-:(‘iivreg
1y from the printed page.) Second-—and this turns out to be an itnpt)rtant a$s¢ » __D_gwjl equivalents. If the word is
reading—the knowledge represented within the phonological processorican’b
activated at will. We can speak, subvocalize, or otherwise generate speeéh’lm
ages whenever we. wish.. BT =

in the reader’s speaking or listening vocabn ary

'_ oke its meanip i
ever-before-seen word ma g. In this way,

even the occasion-
y be read and understood with

little or no outward

" Phonological Translation and Fluent Word Recognition. As shy
Figure 1 and supported by our intuitions, phonological translation is not alway; :
necessary for word recognition. As reflected by the direct connections betwes e_pﬁénol@gicaj

_the orthographic and meaning processors, visually familiar words can beres o s
ognized and understood with no need of phonological translation. Ye
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Phonological Translation and Comprehension. As it tutns out, the value
automatic phonological translations extends beyond their service to the word
recognition process. Specifically, the langnage comprehension system s designs
to work with whole, cohesive grammatical units—whole phrases or sentence
at once. Whether in listening or reading, the process through which it:does so
much the same (Jarvella, 1971; Kleiman, 1975). In either case, the words of a mes
sage are presenied and perceived one by one. And although they are tentatively-i
terpreted on the fly, they are fully digested only afterward, when the clause,
sentence is complete. In mystical deference to this process, speakerstdi_ép‘thei
pitch and pause at the end of every sentence; by dropping their pi,téfh,fhey
their listeners know that it’s time to interpret, and by pausing, ,thcy_,;aff_o'_r:d‘th‘e'
listeners time to do so. Mimicking this rhythm, skillful readers are fqﬁhd t‘é;‘m‘ar_c
their eyes through all the words of a sentence from beginning to end, and
they reach the period, they pause and think (Just & Carpenter, 198'7‘),&'_; '( i
Again, it is during these end-of-sentence pauses that listeners or fééders ac
tively construct and reflect on their interpretations, that they work out the ¢
lective meaning of the chain of words in memory and that meanin "g’éi"_cphuibﬁ'
to their overall understanding of the conversation or text. Yét.,,i,_n; order for, Gistood without i
interpretive process to succeed, the whole clause or sentence must still The
more or less intact, in the listener’s or reader’s memory when she or he {é'ieil
to work on it. So what does this have to do with phonological Etraﬁsléfiohs?
lot. Whereas the visual system is designed for encoding spatial pattetr
transitions, the auditory system is designed for remembering ordered ‘ténip'dral
patterns of information. Thus, by thinking or speaking the words to themselves,
skillful readers effectively extend the longevity and holding capacity. of their ve
batim memory. Preventing skillful readers from subvocalizing does not impair
their ability to interpret single familiar words or simple sentences: on the ot
hand, it severely disrupts their ability to remember or comprehend long or comples
sentences (Baddeley, 1979; Levy, 1977, 1978; Waters, Caplan, & Hilldebra'ndt‘,;
1987). In keeping with this, you may notice that your own tendency to'sy
vocalize becomes more noticeable when you are trying to read sentences tl
are especially long and difficult. RS
Even though this particular advantage of phonological transtation hasn
ing to do with word identification per se, it points up one more reason the speed
 and effortlessness of the word-recognition process is so important. Auditory men:
ory is highly sensitive to the pace with which information artives (Demp
1981). If it takes a child too Jong to identify successive words, the beginning of
sentence will fade from memory before the end has been registered. Furthe
" where a child 1 aciively engaged in sounding out individual letfers and syllables
the phonological processor is necessarily unavailable for retaining the wordi
of clauses. (For a discussion of the trade-offs between processing and storaged
mands in the reading situation, see Daneman & Tardif, 1987; Perfetti, 1985;)

< In this vein, it is worth noti

et Wo‘rqs that 3 skl ng that of the thousands upon thousands of dif-

“Phonemi ‘ i
éoﬁscfgzllc awat eness is got natural. Instead, the ease with which people can
peéfs . {,e d:t:;:ncsrsls dto. their ;;)honological knowledge ranges broadly and
t €d, 1n part, by heredity (Olson et i
iy . . etat., 1990). It is because of
ticulty ar(ir;so many c'hlldren that solid attention to the development of
1SS 15 80 vital a component of the preschool and primary class-

ver, the pressing issue for the field of dyslexia at this time is the

ch the elys; i i
ch he elusiveness of jtg cure derives from the difficuities of trying

tent {0 whi
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to turn off or displace an overlearned but self-limiting mode of pérceiving text,
To what extent would the syndrome go away if we could ensure th

got off to the right start?

Summary

Relative to the overall literacy challenge, learning to recognize words réally 53
very small component. Yet it is also wholly necessary. In the end, the print on'thie
page constitutes the basic perceptual data of reading. Rather than diverting effo
in search of meaning, the reader’s letter- and word-wise pracesses supply the:
text-based information on which comprehension depends. As fluent reade

move quickly and easily through the print, li

unfolds apace.

But neither is literal comprehension the
tation of a complex text may require retrieval of particular facts or events th
were presented many pages earlier. It also may require consideration of know
edge and construction of arguments that are entirely extraneous to thé text:!An
it certainly requires the critical and inferential activities necess

such information together.

To be sure, it is this level of interpretati
standing. Yet interpretation at this level is not automatic; it requires active:at
tention and can only be as fruitful as the effort and quality of thought that readers
invest in it. But the effort and thought that readers can invest depends, inifur;
on the ease and completeness with which they have executed the levels thats
port it. Deep and ready working knowledge of letters, spelling‘pattemsv,}and
words,.and of the phonological translations of all three, is of inescapable imp
tance to both skillful reading and its acquisition—not because itis the bezallor
the end-all of the reading process, but because it enables it. . ’
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